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Shortly after World War I the medical profession began to appreciate that 
many instances of palmar and plantar eczema, pompholyx and recalcitrant erup-
tions of the extremities were due to fungi. Undoubtedly the war itself was in-
directly responsible for an augmented incidence of infection, Hutchins (1) in a 
review of skin diseases in an army camp during the war having found fungous 
infections second only to scabies in prevalence. The fact that this heretofore 
ill-defined dermatosis now appeared to have a definite cause (although little was 
known regarding individual variations in susceptibility) necessitated a radical 
change in therapy. 
In retrospect, one can discern four basic treatment routines, each enjoying a distinct 
period of popularity; first, the period of keratoplasties, reducing and oxidizing agents. 
The French school of dermatology always was partial to dilute solutions of iodine. Thibi-
erge considered it one of the best remedies for tinea pedis, and ascribed its activity, not to 
any fungicidal attribute but rather to keratoplasia with subsequent exfoliation. The 
British preferred chrysarobin, as attested by its synonym "ringworm powder.'~ Its ac-
tivity is due entirely to a keratoplastic effect, and when properly used it still performs ex-
cellently in superficial mycoses of all types except those of the scalp. Paradoxically, in 
vitro, it exhibits no fungicidal activity. Whitfield's ointment enjoyed great popularity, 
much of which was unwarranted, the originator himself preferring chrysarobin. The 
mercurials, tars, sulfur, permanganates and hypochlorites also belong to this period of 
keratoplasties, oxidants and reducing agents. 
The second period was featured by the volatile oils, phenols, camphor, et cetera, 
alone or in combination with keratoplasties. 
The third era was that during which the various dyes were in vogue, starting with mer-
curochrome, of doubtful potency, and later the triphenylmethane dyes, especially gentian 
violet, brilliant green and fuchsin. In vitro studies on the latter three show them only 
weakly fungicidal but highly fungistatic. 
The last phase and that which naturally offers most promise is the one which we have 
recently entered, namely the phase of fatty-acid therapy. 
One confusing feature in evaluation of a fungicide is that there is no constant relation-
ship between its in vitro and in vivo activity. There are many reasons for this. One is the 
presence of organic matter in the skin and exudates, which seriously interferes with all 
fungicides. Not only does the viscosity of this organic material interfere with penetration 
of the fungicide but it is capable in many instances of destroying the fungicide itself, es-
pecially if it be one of the heavy metals, metalloids or aniline dyes. Furthermore, or-
ganisms are capable of adjusting themselves to an unfavorable environment. Still another 
difficulty which is seldom appreciated is the buffer action of tissue proteins which tends to 
neutralize acid and alkaline solutions. Fungicides of the cationic type, most of which are 
quaternary nitrogen amines which never were very popular or effective, are inactivated by 
lecithin, phospholipids and fats, including soaps. 
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ACIDS AS FUNGICIDES 
For many years it has been appreciated that maintenance of the "acid mantle" 
of the skin is essential in combating infection. To this purpose 0.5 per cent 
hydrochloric acid in alcohol has been used both prophylactically and therapeu-
tically with benefit in dermatophytosis of the feet. Organic acids were observed 
by Clark (2) to exert a greater fungicidal effect than the more highly dissociated 
inorganic acids. In the case of those organic acids derived from monohydric 
alcohols and having comparatively short carbon chains, the surface tension de-
creases and fungicidal activity increases as the series ascends. The fungicidal 
action of these acids is thought by many to be due largely to the hydrogen ion 
concentration and in a minor degree to the characteristic anion and the effect of 
the undiBSociated molecule. However, in view of the fact that the approximate 
lethal pH of hydrochloric acid, in vitro, is 2.4 and that of acetic acid 4.3, it is 
immediately apparent that their fungicidal action cannot be so dependent upon 
dissociation, but probably more on the un-ionized molecule or anion or both. 
In the late 1920's the large baking companies began incorporating calcium 
propionate in their dough to retard formation of mould. At the Fleischman 
Laboratories some of the employees with dermatophytosis were given a 10 per 
cent solution to use topically with benefit. This observation initiated interest 
in other fatty acids as fungicides. Peck and his aBSociates (3) demonstrated 
that the fungistasis of sweat was due to its fatty acid content. Subsequently 
propionic acid, sodium and calcium propionates, undecylenic acid and undecylen-
ates, caprylic acid and caprylates and other fatty acids of the monohydric series 
were studied by many investigators including Keeney; Hoffman et al.; Sulz-
berger et al.; Hopkins et al.; MacKee et al.; McCann, etc. (4). An 0.125 per 
cent solution of sodium propionate, adjusted to a pH of 5.5 will completely inhibit 
growth in vitro of Trichophyton gypseum, Trichophyton violaceum and Achorion 
schoenleinii, Epidermophyton rubrum, Epidermophyton interdigitale and Mi-
crosporon lanosum. In a dilution of 0.25 per cent it will completely inhibit Tri-
chophyton purpureum and Microsporon audouini. 
Hillegas and Camp (5) showed that undecylenic acid in a dilution of 1:8000 
buffered to pH 8 was much more effective than propionic acid in a dilution of 
1:80 and buffered to its optimal pH of 4.96. Subsequent tests showed undecyl-
enic acid, while not occurring naturally, to be a much better fungicide than any 
of those acids of lower molecular weight. Undecylenic acid and zinc undecylen-
ate were studied not only by Sulzberger and co-workers (lOg, lOi), Shapiro and 
Rothman (lOh) and others, but later by Muskatblit (6) who concluded that 
while they had definite merit, they were but a slight improvement on other rem-
edies in common use. One important feature is that these authors observed 
few if any instances of cutaneous irritation. We have seen several instances of 
irritation following the use of an ointment containing zinc undecylenate 20 per 
cent and undecylenic acid 5 per cent. 
COPPER UNDECYLENATE 
The essential requirements of a fungicide are activity in vivo, ease of applica-
tion, protracted action, ability to spread and penetrate, stability and cosmetic 
COPPER UNDECYLENATE IN DERMATOMYCOSES 449 
acceptability to the patient. With this object in mind we proposed to assay 
clinically a combination of undecylenic acid and copper undecylenate, attempting 
to find an ideal vehicle which might even enhance the fungicidal properties of 
the fatty acid and copper. Schwartz et al. (7) had reported encouraging results 
following the use of copper undecylenate in tinea capitis. 
The unusual ability of copper salts, in minute amounts, to destroy algae in water and 
their use in Bordeaux mixture for many years as a fungicide naturally recommended their 
use in dermatology. Inorganic salts of copper have been used topically in medicine for 
over half a century, but notwithstanding some favorable reports with the sulfate adminis-
tered by ionotophoresis (8) the results in general have not been encouraging. Hubbell, 
in 1937, incorporated cupric oxychloride into a cement floor-surfacing material as a fun-
gistst. Mallmann (9) in 1941, in assaying some of this material (Hubbellite) showed it to 
be highly fungistatic to Epidermophyton interdigitale. 
Why inorganic copper salts are practically useless in the therapy of cutaneous fungous 
infections is obscure. Like other metallic germicides copper acts on fungi by coagulating 
the colloids, thus creating a mechanical barrier which isolates the organism from its en-
vironment and interferes with its nutritional support. It is probable that in the presence 
of exudates, blood serum and lymph, tissue proteins are also precipitated and form an ob-
stacle negating contact of the fungicide with the fungus. We thought that this problem 
might be solved in part by the use of an organic copper salt, such as copper undecylenate in 
which the immediate chemical reactivity of the copper is reduced, and in part by variation 
of the vehicle (10). 
Afte1· trying various emulsion bases we decided to use a solution which would 
be lipophilic, fat-solvent, highly volatile and of low surface tension. After many 
trials carbon tetrachloride was used with good results; but because of possible 
toxicity on inhalation, was discarded in favor of tetrachloroethylene. We felt 
that a good lipophilic vehicle with great spreading ability would be capable of 
penetrating the epidermis notwithstanding any obstacle interposed by coagulated 
tissue proteins. 
The solution which gave the best results was copper undecylenate, undecylenic 
acid, dioctyl sodium sulfosuccinate, tetrachloroethylene and isopropyl alcohol.2 
This has a surface tension of between 20 and 25 dynes and its spreading ability 
is so great that it can be poured from one bottle to another only with the greatest 
difficulty. The combination of tetrachloroethylene with a "wetting" agent sat-
urates the epidermis with the active fungicide, then evaporates rapidly leaving a 
film of the fungicide on the skin, and in the cracks and crevices of the skin. This 
film is not readily removable by rubbing as an ointment would be, so that not 
more than 2 applications are required over a 24 hour period. 
CLINICAL ASSAY 
We are of the opinion that the most valuable and valid test of fungicidal ac-
tivity is in tinea capitis because of the ease and accuracy of diagnosis and the 
definite criteria of cure. Additional advantages are the facility with which treat-
ment can be applied, lack of environmental trauma, and relative ease of control-
ling reinfection. Furthermore, spontaneous cure of Microsporon audouini in-
I This is now available commercially under the name "Decupryl" and is manufactured 
and distributed by the Crookes Laboratories, New York, N.Y. 
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fection is so uncommon as to be almost negligible, and tinea capitis is not subject 
to spontaneous exacerbations and remissions; nor is there ordinarily much in-
flammatory reaction or secondary infection. 
Method in tinea capitis 
All patients were instructed to keep the entire scalp closely clipped and to 
wear frequently changed and boiled muslin caps at all times. They were given 
mimeographed sheets containing detailed instructions. The scalp was to be 
shampooed once weekly with a soapless detergent (pH 6.1). The copper un-
decylenate solution was sponged on in two coats twice daily. Theaffectedareas 
were delineated under filtered ultra-violet light. If there was minimal or well-
limited involvement the solution was applied only to the affected areas and a 
half inch znargin. The green discoloration resulting from the solution served 
to show the patient which areas were to be treated. If, however, there was exten-
sive involvement, the entire scalp was treated. 
All diagnoses were confirmed by microscopic and cultural methods. Progress 
was observed at weekly intervals under filtered ultra-violet light. Criteria for 
cure consisted of negative microscopic examination and absence of fluorescence 
each week for four consecutive weeks without treatment. 
Method in dermatophytosis 
All diagnoses of dermatophytosis of the feet and hands were based on clinical 
features and/ or microscopic examination and culture. In many' cases "ids" were 
present on the hands, backs of the feet and in other areas remote from the site 
of infection. These were not treated with copper undecylenate but with palli-
ative remedies, radiotherapy, or were left untreated. When there was much 
edezna or acute inflammatory reaction the patient was given boric acid or Burow's 
solution compresses for a few days prior to use of the copper solution. The latter 
was applied by means of a cotton swab or camel's hair brush twice daily. Cri-
teria of cure consisted of clinical freedom from all subjective and objective evi-
dence of the disease for three weeks without treatment. 
It is extremely difficult, if not impossible to define reliable criteria for cure in 
ringworm of the feet. Scrapings and cultural studies are of no value in the 
absence of some scaling or vesiculation. Some patients relapse immediately on 
cessation of treatment no matter how long continued. Furthermore, there is 
always the possibility of reinfection, especially in those individuals with pes 
planus and hyperhidrosis of the soles. 
Method in tinea glabrosa 
This included tinea cruris and tinea corporis. Diagnoses here were made mi-
croscopically. The copper solution was applied twice daily and criteria of cure 
were clinical freedom from lesions for two weeks. Here again all means were 
taken to avoid reinfection from clothing. 
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Results in tinea capitis 
There were 38 children in this group from 10 months to eleven years old; 2 
infected by the Microsporon lanosum and the rest by the Microsporon audouini. 
Most of these patients had been treated with other fungicides; several had been 
depilated previously but were not cured. 
Of these patients 10 were dropped from the series because they failed to return 
for adequate treatment. Of the remaining 28 there were 12 cures and 16 failures. 
The two Microsporon lanosum infections cleared up in two weeks and in four 
weeks respectively. Those with the Microsporon audouini infections required 
from six weeks to six months of therapy. Most of these patients have since 
been observed from 10 to 14 months with no evidence of reinfection. In all 
patients who responded to the therapy there was noticeable improvement within 
one month. In no case was there evidence of toxicity or irritation. In our ex-
perience, no other topically applied drug has approached the results obtained 
with this solution. 
Results in dermatophytosis 
Included in this group were 56 patients, about one-fourth having dermato-
phytid of the hands as well. In about two-thirds of these patients the diagnosis 
was confirmed by microscopic examination. In the others it was made on clinical 
features alone. 
This was not the first episode for many of the patients nor is it likely that it 
will be their last. However, the majority responded well and rapidly to the 
undecylenic acid-copper undecylenate preparation. 
There was remarkable improvement in many cases within the first two to three 
weeks, several (with minimal signs and symptoms) clearing up in one week. 
Itching was relieved in at least one-half the patients almost immediately and by 
the end of the second week it was no longer a chief complaint. Two-thirds of 
the patients were considered clinically cured at the end of the fourth week (no 
pruritus, vesiculation or fissuring) and except for a few resistant cases, there was 
only slight scaling remaining at this time. The dermatophytid responded 
roughly in parallel with the tinea pedis. In none of these cases was there evi-
dence of toxicity or irritation due to the drug beyond the tjngling or mild burning 
sensation, lasting for just a few moments, which is characteristic of solvents or 
alcohol when applied to the skin. 
Results in tinea glahrosa 
This group included six patients with tinea cruris and five with tinea corporis. 
The diagnosis in each case was confirmed by microscopic examination. Tinea 
cruris showed rapid response with relief of itching and subsidence of scaling and 
vesiculation within three to six weeks, although in most there was much less 
itching in the second and even in the first week. 
The patients with tinea glabrosa were very much better in two weeks and even 
an extensive case was well in three. 
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SUMMARY AND CONCLUSIONS 
A review is made of the historical background (in the past two decades) for the 
treatment of cutaneous fungous infections. The results of treatment of tinea 
capitis, tinea corporis and dermatophytosis with copper undecylenate combined 
with a "wetting" agent, dissolved in a fat-solvent base are presented. The 
therapeutic responses for the most part were favorable and warrant serious con-
sideration and further trial of the remedies. 
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